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Abstract 
   The great shipworm Teredo navalis is a bivalve of the Teredinidae family known for its efficient ability at 
degrading wood and feeding on sugar molecules constituting its building blocks. The aim of this study was to identify 
new endogenous genes encoding cellulose-degrading enzymes from the shipworm. We suspect those genes to play an 
important role in the efficient biomass degradation of T. navalis. We constructed an expressed sequence tag (EST) 
database of 3`end cDNAs prepared by reverse transcription of mRNAs prepared from the shipworm whole body. A 
GS FLX 454 pyrosequencing system was used to sequence the transcriptome. A total of 12,879 contigs and 80,891 
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1. Introduction 
   Plant biomass has been recently aggressively targeted as a source for renewable energy and a possible 
solution for the current energy crisis and the greenhouse effect resulting from the use of fossil fuel [1]. 
Cellulose constitutes the main component of plant matter with an estimated production on earth of more 
than 1.5 x 1012 tons per year [2]. Cellulose, found in bacteria, fungi, algae and animals, consists of a long 
unbranched chain of -1,4-linked glucose residues that extend to several thousands in length. The long -
1,4-linked glucan chains associate to form microfibrils. A broad hydrogen bond connection between the 
glucan chains and within the cellulose microfibrils creates the dense structure of cellulose. The cellulose 
microfibrils combine with other polymers, namely hemicellulose and lignin to form the lignocellulosic 
biomass. The tight macromolecular arrangement of lignocellulose resulting from the extensive hydrogen 
bonds and polymeric crosslinks compels complex pre-treatments to increase the permeability of biomass 
particles and facilitate the access of enzymes to cellulose [3], which often renders the liberation of the 
glucose units of cellulose too costly and inefficient.  
   The term cellulases refer to enzymes that catalyse the hydrolysis of cellulose and encompass 
cellobiohydrolases (E.C. 3.2.1.91), endoglucanases (E.C. 3.2.1.4), and -glucosidases (E.C. 3.2.1.21) [4]. 
Cellulases were first identified in bacteria and fungi, and traditionally considered to result from symbiotic 
microorganisms when found in animals. However, this old belief was challenged when cellulase cDNAs 
were cloned from nematodes and termites [5, 6], and later in molluscs [7], confirming the existence of 
endogenous cellulases in animals. The great shipworm Teredo navalis is a wood-boring bivalve of order 
Myoida and family Teredinidae that lives in temperate waters. Shipworms are very specialized in 
degrading wood and able to grow by essentially feeding on wood [8]. It therefore seems very attractive to 
target the shipworm for new and efficient cellulose genes. 
   Here, we present preliminary results of the first analysis on T. navalis transcriptome, with the aim of 
identifying new endogenous genes that are responsible for the degradation of cellulose. 
2. Materials and methods 
2.1. RNA extraction and library construction 
   T. navalis samples were collected from Kanagawa Prefecture, Japan, and total RNAs of high quality 
were extracted from the shipworm using the RNeasy Lipid Tissue Kit (Qiagen, Hilden, Germany) and a 
Precellys24 tissue homogenizer (Bertin, Saint Quentin en Yveline, France). The quality and quantity of 
RNA were measured with a Beckman DU 530 Life Science Spectrophotometer, and checked by 
denaturing electrophoresis on a 1% agarose gel containing SYBR Safe DNA gel stain. Ultrasonication 
was used to fragment total RNAs into smaller sequences, and poly (A)+ RNAs were separated from the 
whole total RNA by the ligation of an adapter to their 5`end. cDNAs were synthesized by reverse 
transcription of the poly (A)+ RNAs using the oligo(dT)-adapter primer and the 3`fragments of cDNAs 
obtained were amplified by PCR to about 40 ng/ L. 
2.2. Analysis of the data 
   The above-mentioned 3`fragments of cDNAs were sequenced using the GS FLX 454 pyrosequencing 
system (Roche, Basel, Switzerland). A de novo assembly was applied on the reads of the initial raw data. 
The constructed reads were analyzed with blast2go (http://www.blast2go.com/b2ghome) software. Both 
contigs and singlets sets were blasted against the DDBJ/EMBL/GenBank databases using the blastx 
engine with an expected value of 5. A high e-value was used in order to decrease the matching specificity 
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of the blast query, thus making it more plausible to identify new genes. Target genes identified by 
blast2go were individually reanalyzed with blastx for further analysis of their alignments and similarities. 
3. Results and discussion 
   We assembled 165,564 reads into 12,879 contigs and 80,891 singlets (Table 1). The library hence 
obtained was queried using the blast2go software.  
  
Table 1. Summary of sequencing results 
Feature Number 
Total reads 165,564 
Average read length  (bp) 348 
Total reads assembled for contigs 80,861 




The initial investigation essentially consisting in the comparison of our EST against the available 
databases using blastx resulted in 5,946 hits for contigs and 36,125 hits for singlets.  
The current results seem to show the existence of a set of endogenous genes encoding cellulase from 
different glycosyl hydrolase families (GHF) with different catalytic roles (Table 2). These sequences also 
showed similarities to those from different organisms ranging from bacteria to insect and mollusks with 
higher identities for mollusks (52% identity with C. japonica). These results suggest an important 
contribution of the shipworm`s genome to the different steps of the degradation of cellulose. Teredinidaes 
are also known to have a symbiosis with Teredinobacter turnerae in their gills [9]. These newly identified 
endogenous genes could therefore encode a part of a wider mixture of enzymes originating from several 
organisms, together efficiently degrading cellulose within the shipworm`s body. These enzymes might 
therefore have useful properties in biofuel biotechnology, working efficiently at relatively low 
temperatures and in synergy with bacterial enzymes.  
    
Table 2. Blastx matches to most relevant ESTs 
 
 Annotation Organism (GenBank accession number) Function (family) 
Length 
(bp) 
1 Endo-beta-1,4-glucanase Haliotis discuss (BAC67187) Cellulose digestion (GHF9) 325 
2 Endo-beta-1,4-glucanase Mizuhopecten yessoensis (BAH85844) Cellulose digestion (GHF9) 161 
3 Endo-beta-1,4-glucanase Saccoglossus kowalevskii (XP_002735954) Cellulose digestion (GHF9) 319 
4 Endo-beta-1,4-glucanase Corbicula japonica (BAH23794) Cellulose digestion (GHF45) 403 
5* Endoglucanase Dictyostelium purpureum (XP_003285484) Cellulose digestion 566 
6 Beta-glucosidase Corbicula japonica (BAG71912) Cellulose digestion (GHF1) 467 
7* Beta-glucosidase Arabidopsis thaliana (NP_197161) Cellulose digestion (GHF1) 225 
8* Beta-glucosidase Chryseobacterium gleum (ZP_07086779) Cellulose digestion (GHF3) 363 
     * E-values higher than 1.0e-6  
1274   K. Honein et al. /  Energy Procedia  18 ( 2012 )  1271 – 1274 
4. Conclusion 
This study reports the preliminary results of the search for new cellulose-degrading genes in Teredo 
navalis. The holistic approach we undertook by constructing an EST library and analyzing it by 
pyrosequencing, yielded 12,879 contigs and 80,891 singlets. Our query resulted in the finding of eight 
genes in the transcriptome of T. navalis involved in the breaking down of cellulose. Five newly identified 
genes showed a significant alignment to endoglucanases (E.C. 3.2.1.4), enzymes that arbitrarily break-up 
-1,4-glycosidic linkages within the amorphous regions of cellulose, weakening the structure of cellulose. 
The three remaining identified genes showed a significant alignment to beta-glucosidases (E.C. 3.2.1.21) 
which release two units of glucose from cellobiose, by breaking the -1,4-bond connecting them. The 
existence of endogenous cellulose-degrading genes in the great shipworm implies a strong involvement of 
the shipworm`s genome in its efficient wood-degrading abilities. This study is still ongoing and will 
hopefully lead to a clearer understanding of the mechanisms underlying the wood degradation by T. 
navalis, and a wider identification of cellulases, an understanding with potentially strong applications in 
the lignocellulosic biofuel industry. 
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